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GEOLOGIC SUMMARY
INTRODUCTION

The Taurus-Littrow region is mainly a highland area at the juncture of
Mare Serenitatis and Mare Tranquillitatis (Scott and Pohn, 1972). Highland
materials cover most of the area, forming a group of rugged massifs close
to the center of the map and more subdued terrain to the east. The highland
units (pItm, Iplh) are probably mostly breccias formed by the Serenitatis
impact and pre-existing breccias excavated by this event. Younger Crisium
and Imbrium ejecta may also be present but cannot be distinguished. To the
west and southwest materials typical of lunar maria, almost certainly basalts,
encroach upon and embay the highland terrain. Also in the west is a unit
of special interest. a relatively young, unusually dark material that mantles
both terra and mare. It is draped over a wide variety of terrains in much
of the western half of the map area and is interpreted as pyroclastic volcanics.
The Apollo 17 site lies on this dark mantling material where it covers an embayment
of mare materials between upland massifs. At this locality. therefore, relatively
young volcanics can be sampled as well as the ancient deposits that form the
highland massifs.

STRATIGRAPHY

The oldest units in the area are the massif materials (pItm) and the hilly
terra material (IpIh). These two occur in a similar structural position—on the
rim of the Serenitatis basin—and they are probably very similar in lithology
and composition, being largely Serenitatis breccias with a covering of breccias
derived from younger more distant basins. They are assigned different ages
because of their structural history. The massif material is exposed in rugged,
uplifted, crustal blocks around the landing site. Uplift has brought close to
the surface deep, old, material that may be incorporated into the talus that
surrounds the massifs. In the more subdued hilly terrain, the older, deeply
buried rocks are less likely to be a significant component in the surface rocks.
hence the younger age. The geologic setting of the massifs is similar to that
of the Apennine Mountains at the Apollo 15 site (Carr and others, 1971). Like
the Apennine Mountains, the massifs probably consist of interbedded breccias
derived from the adjacent basin (LSPET, 1972). Some of the massifs resemble
terrestrial domes formed by shallow intrusion or extrusion of silicic igneous
rocks, but this origin is considered unlikely. The characteristic appearance of
the hilly terra unit is believed to result from its deformational history and
not from any distinctive lithology. Like the massif materials, it probably
consists of interbedded breccias but with a larger component of post-Serenitatis
breccias exposed at the surface than in the case of the massifs.

Plains material (Ip) is exposed around the outer edge of the Serenitatis
basin, where it forms series of benches that stand slightly above the adjacent
mare plains. The material also occurs within the highlands, partly filling
irregular depressions and craters. The origin of the unit is uncertain. The
flat, smooth, mare-like surface suggests emplacement in a fluid state and hence
a voleanic origin. Materials of similar appearance at the Apollo 16 site were
found, however, to be breccias. The plains material may therefore be of diverse
origin, being volcanic in places, particularly around the edge of the Serenitatis
basin, and consisting of fluidized impact debris in other areas.

The terra unit (It) is transitional in appearance between the plains and
hilly terra materials. It may not be a separate stratigraphic unit but is mapped
in areas where the plains material is thin or only partly covers the underlying
hilly area.

Mare materials (Im, Em) are assigned different ages largely on the basis
of albedo, since elsewhere on the Moon dark mare commonly has fewer craters
than light mare. In albedo and crater density, unit Im is similar to the Apollo
11 basalts; unit Em is similar to the Apollo 15 basalts, and corresponding ages
are likely. Where a cover of dark mantling material (Cd) precludes the distine-
tion between mare and plains units, the unit mare or plains material (Imp)
is mapped instead.

Except for ejecta from late Copernican craters (Ceg Cc;), the youngest
materials in this region, and possibly on the Moon, are the bright and dark
mantles. The bright mantle material (Cb) lies at the base of a massif and
extends several kilometers across a relatively flat valley floor. The high albedo,
low intrinsic relief, and hummocky, ridged texture on the surface are all
suggestive of a debris flow, or landslide, originating from the talus around
the massif. In most places the unit is clearly younger than the dark mantle
since the bright albedo has not been masked. In other places, however, the
hummocky surface texture of the bright material appears to extend beneath
the dark mantle and the normally high albedo of the slide becomes subdued.
This suggests that the dark material, and possibly the slide itself, was deposited
intermittently so that the two units interfinger. Although the emplacement
of the slide was a relatively late event, the radiometric age of most of the
material that constitutes the slide should be old (=>4.0 x 109 yrs) and comparable
to the materials from the massif.

The age of the dark mantle was estimated by determining the frequency
distribution of superposed craters in various size ranges. An upper limiting
crater diameter for the steady-state distribution was obtained, the limit being
a function of the age of the surface (Morris and Shoemaker, 1968). The results
indicate that the dark mantling material is no older than the rim material
of Tycho, where this type of study was applied to Surveyor VII data. Since
the age of Tycho is estimated to be 0.50 x 10 yrs (Soderblom and Lebofsky,
1972), the dark mantling material appears to be considerably younger than
any unit yet sampled in the Apollo program. This young age is not, however,
entirely consistent with the stratigraphic relations. In areas other than the
landing site, particularly in the northwest corner of the map and in the Sul-
picius Gallus region (Carr, 1966), very similar material appears to be older
than the mare surface. This suggests that deposition of the dark mantling
material could span a considerable length of time.

The prominent dark crater near the northeast margin of the bright mantle
may be a volcanic vent and the source of some of the most recent dark material.
Alternatively. the crater may have been formed by impact and its rim and
walls darkened by ejecta from the subjacent dark mantle. Many smaller dark
craters, thought to be voleanic vents, are scattered throughout the mare and
highland region. Some of these are mapped, but many are too small to be
readily discernible or are obscured by the dark mantle.

STRUCTURE

The dominant structural pattern in the eastern half of the map area is
one of intersecting northeast- and northwest-trending fractures of the lunar
grid (Strom, 1964). They give much of the terrain its knobby appearance. The
fractures appear to be largely pre-Imbrian since they only minimally affect
the Imbrian plains materials. In the eastern half of the map, structures related
to the Serenitatis and Imbrium basins are the most prominent. The massifs
around the Janding site have more relief than any other part of the Serenitatis
rim except that adjacent to the Imbrium basin. The relief is believed to result
from re-activation and uplift along Serenitatis radial fractures during the
formation of the Imbrium basin. This is the only part of the remaining Sereni-
tatis rim where the Serenitatis and Imbrium radials are parallel, so that
re-activation is probable. (The re-entrant in which the landing site lies is
elongate radial to both Imbrium and Serenitatis). Prominent also are structures
concentric with the Serenitatis basin, the most obvious being the Littrow rilles.
Two sets of rilles are recognized. The first occurs in the unit (Ip) and is embayed
by and hence predates the mare (Im); the second set, which is made up of
narrower more fresh appearing rilles, cuts and hence postdates the mare.

GEOLOGIC HISTORY
The primordial lunar crust of the region was covered during early pre-

Imbrian time by ejecta from several large impact basins such as Tranquillitatis.

Fecunditatis, and Nectaris. Most of the upland material presently close to

the surface is, however, probably ejecta from the adjacent Serenitatis basin.

The original surface texture of the Serenitatis ejecta blanket has been complete-

ly destroyed by erosion and fracturing. Formation of the two closest post-

Serenitatis basins, Crisium and Imbrium, may have resulted in deposition of

an additional younger veneer of ejecta over the area, but this is not detectable

in the photography. Locally, the main effect of the Imbrium event was to
cause uplift of the massifs around the landing site. After the Imbrium basin
formed, or parhaps even earlier, the basin began to fill with mare basalts,
and this may have continued throughout the Imbrian period. Several episodes
of faulting along fractures concentric with the Serenitatis basin resulted in
the formation of some of the Littrow rilles during this period. Most of the
mare deposition terminated at the end of the Imbrian period, but some mare
basalts were deposited in later Eratosthenian time in the southern part of
the area. Faulting concentric to the Serenitatis basin also continued into
post-Imbrian time to form the youngest of the Littrow rilles. The final major
event in the geologic history of the area was deposition of the dark mantling
material over much of the upland and mare.
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Base map from controlled mosaic of Apollo 15 metric photographs AS15-0968, 0970, 0972,
0974, 1655 and 1657, prepared by U.S. Topographic Command under direction of Depart-
ment of Defense for National Aeronautics and Space Administration, July 1972.
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Principal sources of geologic information: Apollo 15 metric photographs AS15-0392, 0393,
0564, 0971, 0972, 0973, 1111, 1112, and 1113; Apollo 15 panoramic photographs AS15-9286-
9300 and 9546-9565; Lunar Orbiter V medium resolution photographs M66-69 and high
resolution photographs H66-69; Full-Moon photograph 5818 from U.S. Naval Observatory,
Flagstaft, Arizona. NASA contract No. T-5874A
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Bright mantle material
Characteristics

Brightto moderately bright,
irregularly shaped patch at
base of massif (unit pltm)
southwest of landing site.
Hummocky to slightly
ridged at 200 m scale;
smooth at larger scales.
Contactswithadjacent dark
unit (Cd) sharp and clear
to fuzzy and indistinct.
Clusters of Copernician
secondarycraters (unit Cse)
occuraround bright mantle;
dark craters superposed

Interpretation

Avalanche and debris flow
from steep face of massif.
Movement of material may
have been initiated by ejecta
from large young crater
(possibly  Tycho) striking
slope of massif; secondary
crater gecta (unit Cse) pos-
sibly intermixed with
material from massif. Con-
tact and albedo variations
suggest bright material may
be both older and younger
than parts of dark mantle;
superposed dark craters
may be volcanic or formed
by impact with dark rims
made up of wunit Cd,
echumed from beneath
bright mantle

Imp

Mare or plains material
Characteristics
Ocecurs in depressions like
mare and plains materials.
Albedo and small craters
partlyobscured by dark unit
(Cd)
Interpretation
Mare or plains material

Characteristics

Dark mantle material
Characteristics
Smooth, fine texture, very low albedo;
covers parts of mare, plains, and
highlands; darkest in low areas.
Subdues but does not obscure craters
of middle Copernican age (Cey) and
older; younger craters superposed.
Size-frequency distributions of
superposed craters having diameters
of 20 m, 50 m and 100 m indicate
dark mantle is as young as crater
Tycho, or younger
Interpretation
Voleanic material, mostly pyroclastic,
originating from many small vents
localized between craters Littrow and
Vitruvius; vents<40 m diameter
indicated by special symbol

Em

Mare material
Characteristics
Smooth, level to gently rolling at
panoramic camera resolution. Albedo
low; sharp boundaries with terra.
Some craters of probable Eratosthen-
ian age appear to be partly buried by
unit but others, outside map area, are
superposed
Interpretation
Basalt flows; probably of Eratosthen-
ran age

Im

Mare material
Characteristics
Similar to Eratosthenian mare mate-
rial but albedo and small crater den-
sity higher. Boundary with dark
mantle (unit Cd) diffuse. Eratosthen-
tan and some Imbrian craters super-
posed; other Imbrian craters embayed,
partly filled. Where thin, in small low
areas of highlands, difficult to distin-
guish from plains material (Ip)
Interpretation
Basalt flows

Ip

Plains material
Characteristics
Smooth to rolling and hunmmocky at
panoramic camera resolution. Albedo,
intermediate. Like mare materials
occurs in depressions and within old
crater rims; more Imbrian craters
greater than on Imbrian mare mate-
rial
Interpretation
Material of different origins. Some
may be lava flows; others, possibly
ejecta from basins and large craters.
Small, localized occurrences probably
represent accumulations  from
downslope movement of fine debris

Iplh

Hilly terra material

Smooth, bright to moderately bright material forming
round hills as much as 5 km across; relief moderate to
high. Hills occur individually and in clusters. Central
cleft partly divides some hills. Closely resembles Alpes
Formation (Page, 1970) around Imbrium basin. Occurs
in and around craters of late Imbrian age and older.
Intergradational with terra (1t) and massif (pltm) units

Interpretation

Interlayered breccias in ejecta blankets from many lunar
basins and large craters. Kjecta from Serenitatis basin
probably makes wp bulk of deposit. Hills and clefts mostly
reflect structural modification of blanket with time; some
may be formed by clumps of ejecta
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Materials of crater Littrow B
Characteristics
Cer, rim material. Smooth to hum-
mocky, slightly ridged, few blocks
visible on high-resolution Orbiter V
photographs. In places appears to
be partly covered by dark unit (Cd)
Cew, wall material. Bright, smooth to
rough; gradational with material of
small, flat floor. Light streaks
extend from rim crest toward floor.
Blocks abundant
Interpretation
Impact crater; middle to lower
Copernican in age

Materials of sharp-rimmed craters
Characteristics

Ee, undivided material of craters
having same size range (abowt 1.5-3
km) as those of early Copernican age
(Ce,-Cey) but lacking halos; rims
and walls more subdued. Larger
craters subdivided tnto:

Eer, rim material. Smooth, concave
upward. No blocks visible on high-
resolution panoramic photographs

Eew, wall material. Bright, smooth;
in Vitruvius E resembles wall
material of Littrow B but fewer
blocks visible

Ecf, floor material. In Vitruvius E,
smooth to hummocky

Interpretation
Impact crater materials

Crater materials

Characteristics

Similar to corresponding units of
Eratosthenian craters but rims lower

and partly hilly, walls less bright, no
visible blocks

Interpretation
Rims partly wmodified by structural
processes that result in hilly material
(Iplh)

It

Terra material
Characteristics
Smooth, gently rolling to slightly hilly;
relief low to moderate; albedo, inter-
mediate to high. Intergradational
with plains (Ip) and hilly terra (Iplh)
units
Interpretation
A complex of crater ejecta, mass-
wasted debris, and possibly some vol-
canic material; mostly deposited dur-
ing Imbrian Period

Material of highly modified craters

Characteristics
Crater material mostly modified to
hilly terra (unit Iplh); erater outlines
visible, but individual units not read-
ily distinguishable

Interpretation
Probably impact craters highly frac-
tured by seismic activity and subdued
by lunar erosional processes

Massif material
Characteristics
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Bright-crater materials

Characteristics

Undivided rim, wall, and
floor materials of small
craters (rim crest dia-
meters, 500 m-2 km) whose
relative ages are based on
morphologic characteristics
which follow illustrative
examples of Trask (fig. 2,
1971). In general, size of
mapped craters decreases
progressively with decreas-
ing crater age. Youngest
craters (Ceq, Cey) have
bright rays superposed in
places on dark mantle (unit
Cd) whereas older Coperni-
can craters (Cey-Ce,),
though lacking rays, have
bright halos or interiors
partly covered by dark
material

Interpretation

Bright rays and morpholo-
gic characteristics indicate
craters formed by impact

Crater material

Characteristics

Materialof craters too small
(1.5-2.5 km) or too degraded
for subdivision of units.
Rims and walls moderately
tohighly subdued and partly
modified in places to hilly
material (unit Iplh)

Interpretation

Morphologic characteristics
too degraded for classifica-
tion as to origin but most
are probably impact craters.
Age, early to late Imbrian
(Trask, fig. 2, 1971)

Bright, massive, with smooth, steep curvilinear to straight
scarps bordering re-entrants along the outer ring of the
Serenitatis basin. Many boulders and rocky ledges visible
on panoramic photographs. Some overlain by or grade
upward into hilly unit (Iplh); others have dome-shaped

summits
Interpretation

Stmilar to hilly unit; layers of breccia mostly ejected from
Serenitatis basin; exposed by faulting and uplift during
and subsequent to basin formation. Upward change in
morphology partly reflects the effect of lunar erosional
processes on fractures and joint systems. Curvilinear
scarps and dome-shaped summits of some massifs may

be indicative of @ volecanic origin
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Ces
Ceq
C(23 . -
Material of secondary
craters
Cez Characteristics
Undivided wmaterials of
Cey fresh-appearing  craters

occurring in clusters;
craters are circular, elon-
gate, or “V'-shaped. In
vicinity of landing site and
bright mantle (unit Cb)
craters are small (< 100 m),
thinly covered by dark
mantle, and form clusters
generally elongate n a
northeast direction radial
to crater Tycho about 2200
km to the southwest
Interpretation

Craters formed by impact of
ejecta  from unspecified
Copernican primary
craters. Near landing site
and bright mantle, craters
possibly formed by Tycho
ejecta

Material of craters
satellitic to Posidonius
Characteristics
Shaltow, low rimmed craters
occurring in clusters; close-
ly resemble those mapped
in Macrobius quadrangle
(Scott and Pohn, 1972)
Interpretation
Secondarycraters formed by
ejecta from Posidonius

Material of irregularly
shaped craters

Characteristics

Material of craters having

outlines varying from ellip-

tical to non-symmetrical

elongate; most are moder-

atelytohighly subdued with-

out variation within unit
Interpretation

Primary craters formed by

highly oblique impacts, by

sitmultaneous impacts of

closely spaced fragments, or
by overlapping impacts
closely spaced in time; some
may be volcanic
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MAP OF WEST HALF OF MACROBIUS AND EAST HALF OF MARE SERENITATIS QUADRANGLES
SHOWING LOCATION OF DETAILED GEOLOGIC MAPS OF THE APOLLO 17 LANDING AREA

1. Area of 1:250,000 scale map (Scott, and Carr 1972)

2. Area of 1:50,000 scale map (Lucchitta, 1972)

Contact
Dotted where buried; buried unit shown
in parentheses

-k
Graben

Dotted where buried

Fault
Ball on downthrown side.
Dotted where buried

&
b4

Mare or plains ridge

Scarp
Barb points downslope.
Dotted where buried

Lineament

Rim crest of highly modified or
buried crater

Prominent rim crest of
non-subdivided craters

Dark crater

="\
7

Block field

@~

Crater chain
Overlapping, alined craters

«w

Slump block

Arrow shows direction of movement

Outline of 1:50,000 map

ERATOSTHENIAN SYSTEM COPERNICAN SYSTEM

IMBRIAN SYSTEM

PRE-IMBRIAN

For sale by U.S. Geological Survey, price $1.00 per set



